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FACTS SHEET

SITE:
SIZE:
LOCATION:
APPROVAL
PROJECT

DESC' "

HAZARDOUS MATERIAL:
QUANTITIES REMOVED:
0sC:

REMOVAL CONTRACTOR:

DISPOSAL LOCATION:
PROJECT CEILING:
PROJECT COST:

COMMENTS:

T states Mercury Site

«2ly 400 square feet

nton, Wucks County, Pennsylvania
21, 1947

June 23, .araugh June 27, 1987
The slte consisted of a restdential hack yard in a condo-
ninium development known as Trowbridge Fstates. The
intctal assessment by TAT ravealed elemental meccury In
large quantleles on the geound sucface of the Zhivalyuk
property, As a result, the 08C arctivated his $50K
Dalegation of Authorliy to fnftiate an emergency removal
actlon, Tan drums of conr .afnated soll wera removed from
the propurtys ‘o source of the nercury contamination
could be Ldentifiad,
Elemental mercury
10 drums (approximately 5000 pounds) of contaminated sofl
Garrett Ho Arai

The Guardian Company (RRCS subcontractor of 0.0, Matarials,
IﬂCo)

Chem Waste Management, Emells, Alabamaj RCRA #PAPON00ONINS
$50,000 (Delegation of Authorlty l4=1-A 5/1/95)

$13,529 (Estimated)

Garrect He Aral, 05C
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Trowbridge Eatates Mercury Site
Federal 0SC Report

FOREYWORD

This report is submitted in accordance with procedures outlined in the
National 011 and Hazardous Materials Contingency Plan, The primary thrust
of the Plan {8 to provide a coordinated Federal response capabllity at the
scene of an unplanned or sudden discharge of oll or hazardous substance that
pose a threat to the public health or welfare. 1In addition, the provisions
of the Comprehensive Eanvironmental Response, Compensation and Liabllity Act
(CERCLA) promote a coordinated Federal, State and local response to mitigate
situations at hazardous waste sites which pose a potential threat to public
health, The Trowbridsme Fstates Y ry Site presented an lmminent hazard to
public health which provided a legal basis For Pederal response activities.
The provislons of the Natlonal Contingency Plan were lmplemented by the
Environmental Protection Agency, Reglon LI1, Philadelphia.

Special thanks are extended to the agencler and groups who participated in
this Federal Removal Activity, A prompt evaluation of tha situarion enabled
a timely and efficient mitigatlon of this threat to human health.

Carrett {ls Arai

On~§cene Coordinator

UsSe EPA, Region 111
Philadelphia, Pennsylvania
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Trowbridge Estates Mercury Site DRAH

Federal 0SC Report

INTRODUCTION

As_Nature of the Sire/Initial Situation
On or about June 11, 1987, the Morrlstown Regional Office of the Pennsylvanla
Department of Environmental Resources (PADER) received a complaint from

Gregory and Kira Zhivalyuk regacding what appeared to be elemental mercury in
thetir back yard at 700 Trowhridge Fstates Ln Bucks County, Pennsylvania. A
representative of PADER Bureau of Waste Management (Mike Pennella) and the
Bucks County flealth Department investigated the site on June 15, 1987 and
obtained a large quantity of a substance from the ground surface which was
visually ldeatifled by the PADER chemfst as befng elemental mercury. The
PADER Reglonal Offlce contacted the PADER Central Offlee (Douy Lorensen) in
order to refer this case to EPA Reglon ILIT for further actions EPA was
contacted by Mr. Lorenzen on June 16, 1987 and EPA ERS Sectlon Chief Thomas
Massay activated the TAT for an assessment.

A preliminary assessment performed by the EPA Techinical Assistance Tean on
June 17, 1987, in accordance with the National Contingency Plan, identified
an immedlate and significant risk of harm to human health and the environment
posed by the presence of mercury Ln the elemental Corm in a residential area.
The mercury was present on and bhelow the ground surface in close proximity to
several residences and a children's play area.

The threat of direct human contact with mercury Is substantial as mercury iy
readlly absorbed via the resplratory tract (n the form of elenental mercury

vapor and dusts, -as well as through skin, causlng burns. Beéuuae the
condition at the Trowbridge Estates Mercury Site met the NCP Seatlon 300,65
criteria for a removal actlon, the 05C utilized Delegation of Authorfty
l4~1-A to activate cleanup activities on June 23, 1987,
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Trowbridge Estates Mercury Site
Federal 0SC Report
INTRODUCTION (continued)

B, Site Location

The Trowbridge Estates Mercury Slte was located in a condominium development on
Route 132, Street Road, in Bucks County, Pennsylvania, on property owned by Mr.
and Mrse Gregory 2hivalyuks The Zhivalyuks acquired ownership and moved into
Trowbridge Fstates in December 1986, The previous resident had owned the
property since {ts development {n 1975, Aerlal photographs revealed this area
to be undeveloped farmland prior to the construction of the condominiums,

S{te sketches and location maps are located in Appendix A of this report.

C. Ffforts to Obtain Cleanup by Potential Responsible Parties
Several potential responsible parties (PRPs) were contacted by the 0SC and EPA

Legal Counsel, the present property owner, former property owner (Scott Canta),
and the developer (Gigliotti)s Formal verbal notice of llability was given to
the pregent owner, who declined cleanup responsibility. '

AR100010
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Trowbridge Egtates Mercury Site
Federal 0SC Report
ROSTER OF AGENCIES, 0 GANIZATIONS AND INDIVIDUALS (contlinued)

A« Organlzation of the Response

local Forces

BADER | Momeownera' |  [UsPD] [BFD]

Assoclation

Weston
TAT

Guardian 5&J Chem Waste
Construction Trucking | Emelle, AL

AR10001L




Trowbridge Estates Meroury Site

DRAFT
Federal 0SC Report

ROSTER OF AGENCIES, ORGANLZATIONS AND [NDIVIDUALS (continued)

Be GClosgsary of Abbreviations

Abbreviation NDefinitlon

ATSDR €NC Ageney for Toxlc Substances and Disease Reglstry,
Centers for Disease Control

EPA 05C U:Ss EPA On-8Scene Coordinator
ERCS OHM ERCS Prime Contractor, 0.l Materlals, Tnec.

Homeowners' Trowbrldge Homeowners' Assoclatlon
Assoclation

P4, UsSs BPA OfClee of Publle Affalrs

ORC 1,8y EPA Offlce of Reglonal Counsel

PADER Pennsylvania Department of Environmental Resources
USFD Upper Southampton Fire Department

usen Upper Southampton Pollce Department

Weston TAT Roy P, Weston, Inc. Technlcal Agslstance Team

ARI000 5




Trowhrldge Fstaces Mereury Site DRAFT

Federal 0SC Reporc
HARRATIVE OF EVENTS

On or about June L1, 1987, the Norrlstown Reglonal Offlce of the Pennsylvania
Department of Enviconmental Resources (PADER) recelved a complalnt from fregory
and Klea Zhivalyuk regacdlng what appeared to be elemental wereury {a thelr
back yard, A repcesentative of the PADER Bureau of Waste Manngement and the
Bucks County Health Department {nvestigated the slite on June 15, 1987 and
obtalned a large quantity of the substance which was visually (dentified by the
PADER chemlst as belng elemental mercury, "The PADER Reglonal 0fflee contacted
the PADER Central 0Office (Doug Lorenzen) In order to refer this case to EPA
Reglon TIT for Curther actlon, RPA was contacted by Mr, Loreazen on June 16,
1987 and Tom Massey activated the Technical Assistance Team (TAT) for an
assessment that date,

The property owners, Xi. and Mrs. Zhlvalyuk, purchased the property in December
1986, The previous owner was Mr. Scott Cantor, who purchased the property from
the origlnal owners Veree~telsh Properties, which owned the site at the time of
{ts development Into a condominium Ln 1975, Acrial photographs of the area
prior to thls time (1965) show only undeveloped farmland.

On June 17, 1987, TAT performed a prelimlnary site inspectlon with PADER at the
“hivalyuk resldence at 701 Grantham Court, Southampton, Pennsylvanla, The
TATHs visually observed what appeared to be balls of elemental mercury on the
ground surface In seemingly Lsolated portions of the yard both on and near the
Zhivalyuk property. The vard (approximately 20 feet by 20 feet) and
surroundlng property are well kept and show llttle or no signs of stressed
vegetatlon Ln the location of the mercury.

The TAT obtalned two samples from the area. Sample #] was taken from an area
Just beyond the Zhivalyuk property and contalned nothing but elemental mercury,
ag verlfled by the TAT Reglonal Safety 0Officer and nA 0fflcer on sites PADER
stated this property belonged to Veree-Welsh Propertles. Sample #2 was
obtained from the soll underncath the sod (which had been recently replaced)
and contained hundreds of visible mercury balls., The mercury rolled out of the
ground and onto the sampling scoop when pressure was applied to the ground
surface, Photodocumentation was obtalned of the sampling areas, yard, and
children's playhouse in proximity to the mercury,

ARI00016
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Trowbridge Estates Mercury Site
Pederal 0SC Report
NARRATIVE OF -LVENTS (continued)

Ambient ale readings with the mercury vapor analyzer revealed concentrations of
0,5 mg/eusm approxinately one foot above sampling polnt #1 (the lower limit of
the TLV)e No other slgnificant readings were obtalned efther in anblent alr or
tn the “hivalyuk residence,

On June 24, 1987, a removal actlion was Initiated at thls site by 0SC Garrett
Acal utilizlng the ERCS contractor 0,Il, Materlals, Inc, S5oll was excavated
based on visual observation and lab results Lndleating mercury contaminacion,
Soil was excavated to a depth of approximately & fnches and additlonal samples
were collected by TAT from the cxcavated areas to determlne Lf the contamina-
tion had been removed, Analytleal results Lndicated that mercury contaminattion
still exlsted [n these areass ‘™ OSC contacted ATSDR and requested asslstance
in dealing with chis problem. ATSDR's recommendation was to excavate to a
depch vf 12 {nches and then backfLll the area with clean fill dirt.

The TAT continued to research methods by which the area had become contaminated
and all sample results from thls ares were glven to EPA Enforcement,

By June 26, 1987, ten drums of contaminated soil had been excavated from the
Zhivalyuks' back yard, The drums were removed from the slte and transported to

a Chem Yaste fgeility Ln Emelle, Alabama for disposal.

on June 27, 1987, the area had been backfllled and reseeded thereby ellminatig
the chreat to human health and the environment,

ARI000t7
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Federal 0SC Report
RESOURCES GOMATTTED

A Initial Funding Request

On June 23, 1987, Special Bulletin A was submitted regarding the use of gnd
need for an emergency activation of $50K under the 05C's Delegation of
Authority la-~1-A (5/1/85), A copy of Speelal fulletin A 13 {ncluded a8
Appendix B of this report,

B, Chronological Expenditure4£g§

EXTRAMURAL INTRAMURAL

Total Costs Funding
Date<__ ERCS TAT Other EPA to Date

Ceiling
6/23/87 $ $ 650  $2,000 $123 $ 2,773 $50,000
6/24/87 2,466 1,085 180 6,504 50,000
6/25/87 2,081 448 9% 9,127 50,000
6/26/87 1,666 528 9% 11,415 50,000
6/27/87 1,789 315 13,529 50,000

C. Total Cost Summary (Estimated)

Lo Extramucal

ERCS

Personnel/Labor

Equipment

Haterlals

Subeont ract ors

a) Analytical

b) Transportation

¢) Disposal

d) Mlscellaneous 2,000

TAT 3,036
Extramural Subtotal $13,08
Intramural
EPA

ESTIMATED TOTAL PROJECT CosT

PROJECT CEILING: $50,000 AR 1000 l 8




DRAFT
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EFFECTLVENESS OF THE REMOVAL

Ay Activities of Varlous Agencies

1, Potential Responsible Parties
The 05C informed the present owners of the propecty of thelr responsibllity and

they declined to accept responsibility for the cleanups As a result, the 0SC
utilized his Delegation of Authorlty to act{vate CERCLA funds for the removal,

2. State and Local Forces
The Pannsylvanla Department of Environmental Resorces (PADER), Divislion of

Hazardous Vaste Management (ssued an EPA Generator TD Number which nna“ice
materials to be legally transpocrted from the slte for disposal, They aiso
alded n the initial assessment of the site and asststed in the tdentiflcation
of the contaminant present.

The Upper Southampton Pollce Department provided snow fencing and barricndﬂs.
for maintalning site security,

The Upper Southampton Fire Department provided {nformatlon on previous property

owiers.

3. _Federal Agencies and Special Porces
The On-~Scene Coordinator (0SC) was responsible for the overall success of the
cleanup, which Included contractor task direction and coordination of all

tachnical aspects of mitigating the threat to human health and the environment.

The RPA 0fflce of Reglonal Counsel provided advice and guildance to the 05C
regarding legal aspects of the removal.

The EPA Offlce of Public AFfalrs was responsible for Informing resldents of the
sltuation by golng from door to door

ATSOR/CNG provided Lnformatlon on "how clean 18 clean" and recoaqanifffkf
extent of removal necessary to meet the clean criteria. ' 9




Trowbrldge Estates Mercury Slte
Federal 05C Report
EFFECTIVENESS OF THE REMOVAL (continued)

A. Activities of Various Agencies (continued)

4. Contractors

The §pill Prevention and Emergency Response Nivision of Roy F. Weston, Tnec,
provided personnel from the Technical Assistance Team (TAT), TAT provided
technical support to the 0SC through extent-of-~contamination sampling, photo
documentation of site activities, alr monltoring, contractor and site safety
monltoring, and written site activitles documentation,

0.4, Materials, Ine. of Flndlay, Ohio (OHM) served as the ERCS prime contractor
and was respongible for providing the neccessary matecrials, equipnent and
personnel required to complete the cleanup, Ol coordlnated all subeontractor
activicies fncludlng: a) Removal actlvitles performed by GuardLlany b)
transportation by 8&J Trucking; c¢) dispesal at Chem Waste; and d) laboratory
analysls by Wastex Labs.

B. Disposal Methods and Quantities Removed
In determining disposal alternatives, verbal results from sample analyses were

utilized to select the most environmentally safe and cost~effective options,

All excavated, contaminated soil was dcummed and sent to Chen Yaste Management
{n fmelle, Alabama for final disposal.

A total of 10 drums (500 pounds) of DONY waste was removed from the site (9
drums of soll wad one drum of protective clothing), All drums were transported
by $&J Trucking via Manifest #0001A, a unlform manifest from the NEfice of
Management and Budget (OMB). Because thls manifest format had explred on July
31, 1986, the 05C elected to transfer the information onto a disposer state
manifest aftec the drums were at the $&J Trucking terminal ducing Lo-transic
gtorage.

AR100020
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CHRONOLOGY OF EVENTS

The following Ls a brief summary of major site actlvities during the Trowbrldge
Estates Mercury Removal Actlon. A more detailed account of these events 1s
located In Appendix T (POLREPS) of thls report.

PADER Central Office notified EPA Reglon LIT that they had
found what appeared to be clemental mercury on the Zhivalyuk
property.

June 16, 1987

June 17, 1987 EPA Technlcal Asslstance Team (TAT) performed a site Laspec-
tion with PADER, as directed by the 0SC, and found elemental
mercury in relatively large quantities throughout the ground
surface.

0SC Aral and TAT visited the site for further i{nspection
immedately after receiving communlcation from PADER confirming
and supporting the need for emergency response actlons.

June 23, 19687

The 0SC notified the followlng EPA personnel via telephone in
regard to developments and future plans at thls site: Mary
Letzkus (Enforcement Section Chief), Charles Kleeman (Deputy
Section Chief), Kermit Rader (Legal Counsel), Ann Cardinal
(Offlece of Public Affalrs), and Joyce MeCurdy (CDC),

The 0SC notified the following potential responsible parties
(PRPs) and PRP representatives regarding site developments:
Property owners (Gregory and Kira Zhivalyuk, property developer
(Gigliotrtd Construction), former property owner {Scott Cantor)
and the llomeowners' Assoclations

PADER representative Mike Pennella [nformed the 0SC and TAT
that PADER chemist verified the prasence of mercury in site
samples.

0SC met with property owners (Zhivalyuks) and explained their
potential responsible party (PRP) status as well as planned
future site actlvities.

05C activated ERCS to provide site securlty for thls date and

arrange to have a crew on site In l:hnﬂﬁ)l{nglg'oz,
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CHRONOLOGY QI EVENTS (continued)

June 23, 1987

June 24, 1987

June 25, 1987

08C contacted Upper Southampton Police Department {nforming
them of planned activitles. Police and Flre Department
reprasentat lves were on slte to offer equloment and personnul
tu erect barclers, snow fence and hannecpuard,

0SC was {aformed that the mereucy vapor analyzer, recommended
hy TAT For use in on=slte monltorlnyg durlng removal activities,
wag not available untll June 25, 1987, ATSOR/CNE McCurdy and
Gray approved the use of level C protectlion with cartridges
speciflic for mercury vapors,

ERCS (fuardian) exeavated Four druns of mercury-contaminated
goll by hand,

TAT collected slixteen (16) soll samples this date. Samples
were pleked up by Wastex lab and were to be analyzed for total

mercurys

05C contacted EPA/OPA and Enforcement with an update of slte
qLatuss,

EPA/OPA (Hal Yates) was on scene and contacted/updated
residents of the situation.

PADER (Mike Pennella and George Danyliw) on scene to assist
with site activities, '

0SC briefed the attorney for Trowbrldge Estates.

ERCS finalized dlsposal arrangements with Chem Waste Management
in fmelle, Alabama,

0SC aontacted Glgliotti Constructlon to obtaln information
regarding the fL{11 dirt used for the development,

05C notLfled nelghborhood reslidents of site activicles.
TAT and ERCS conducted a comprehenslve investigatlon of the
Zhivalyuk property on hands and knees in search of clemental

mercury.

TAT performed air monltoring with mercury vapor analyzer In the
excavated area, which revealed ne ceadings above the low~range

- AR100022
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CHRONOLOGY OF. EVENTS (continued)

June 25, 1987

June 26, 1987

June 27, 1987

BRCS response manager dellvered samples, taken by TAT of clean
areas, to lab for quick turnaround.

05C recelved verbal results from lab Indicatlng that mercury
contaminatlon remained In isolated areas.

08C contacted ATSDR (Atlanta) for advice and guildance on
continued actlong. ATSOR recommended excavatlon to 12 lnches
and then cover with elean f11ll and sod.

0SC Lngtructed TAT to take soll cores on the Zhivalyuk property
for visual inspectlon and also to visually {fnspect the
neighborhood.

PADER representative (Panyliw, Norrlstown Office) was on site
to cxpress concern regarding future use of the property which
may require excavatlon below the 12~inch level. 0SC agreed to
resample areas cleaned this date prior to backfilling.

Transporter for drums (S&J Trucking) on site to plek up ten
drums of DONY waste to be taken to Emelle, AL for final
disposal,

ERCS response manager contacted TATM Donegan with lab results.
Samples indlcated arcas cleaned successfully., 0SC Lnstructed

crew to backfill and rescd to complete removal activit{es,

ERCS crew backfilled and sodded all excavated areas after
bailing out water from morning's ralnfall.

Securlty feneing removed and Township Police contacted to pick
up their matecials.

TAT Informed resident of 700 Trowhridge Avenue that the sample
ohbtalned from his property was not contaminated with mercury.

AR100023
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Trowbeldge Estates Mercury Site
Federal 0SC_Report

PROBLEMS ENCOUNTERED AND RECOMMENDATIONS

The combined efforts of the varlous participating organlzations/agencies
enabled the Removal Action at the Trowbridge Estates Mercury Site to
proceed In an efficient and timely manners As a result, no significant
problems were encountered,
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Trowbridge Estates Mercury Site
Southhampton, Bucks County,PA

{/, ,’,‘ll.:l‘ ] /,( o!

Date: June 23,1987
FROM: Garrett Aral, On Scene Coordinator

TO: Stephen Wassersug, Director
Hazardous Waste Management Division

Thomas Voltaggio, Chief
Superfund Branch

Thomas Massey, Chief
Emergency Response Section

I. INTRODUCTION

A preliminary assessment performed by the EPA Technis:?
Assistance Team in accordance with the NCP has identified
an immediate and significant risk of harm to human health and the
environment posed by the presence of mercury in the elemental
form in a residential area. The mercury is present on and below
the ground surface in close proximity to several residences and
children's play areas,

Section 104 of CERCLA calls for the initiation of immediate
removal action where there is a threat of a release of a
hazardous substance which may present an imminent and substantial
danger to public health or welfare,

The Delegation of Authority 14-1 A (5/1/85) authorizes the
0SC to approve CERCLA removals with a total cost of less than
$50,000, therefore the 0SC has approved the use of CERCLA funds
at this site for control of site access, sampling, and removal of
contaminated material as the funding allows.

II. BACKGROUND

The Trowbridge Estates Mercury Site is located in a
condominium development in Bucks County, PA, on property owned by
Mr. and Mrs. Gregory Zhivalyuk. The Zhivalyuks aquired ownership
and moved in in December, 1986; the previous resident had owned
the property since its development in 1975. Aerial photographs
reveal this area to be undevloped farmland prior to the
condominium development.

On or about June 11, 1987, the PADER Norristown office
recieved a report from the Zhivalyuks regarding what appearcd to
be elemental mercury in their immediate backyard, which is approx
20' x 20' in size. The PADER Regional office investigated the
site along with the Bucks County Health Department, and collected
a sample of the material. After visual examination of this
material by the DER chemist it was determined to be mercury. The

. AR10002g
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JADER Central office requested EPA assistance on June 16,1987,
and the TAT perfomred a site assessment on June 17,1987. TAT
collected two samples, hoth of which contalned elemental mercury
as visually-determined by the TAT Regional Safety Officer,
Samples taken previously by the PADER had been visually inspected
and determined by the regional chemist toc contain elemental
mercury as well.

On June 23,1987, the EPA, TAT and PADER returned to the site
and found additional mercury present on the ground surface in
close proximity to the residential living quarters and childrens
play area. The 08C activated emergency funding that date to
provide site security and immediate removal of contaminated
areas,

III. THREAT

The threat of direct human contact with mercury is
substantial. Mercury is readily absorbed via the respiratory
tract in the form of elemental mercury vapor and dusts, and also
through absorption through intact skin, causing burns also.
Acute mercury poisonivg results in death within days; chronic
results in nervous system and kidney damage. In its present
form and location, mercury is easily accessible to both children
and adults in the area; the residents have made previous attempts
to remove the mercury from the yard themselves without personal
protection.

IV. BSCOPE OF WORK

The scope of work proposed for implementation with the
emergency $50,000 appropriation will include restricting access
with posting, bannerguard, and onsite security personnel;
gxcavating and transporting contaminated soll to an approved
disposal facility; performing extent of contamination sampling
and sampling cleaned areas. The proposed budget is as follows:

ERCS~$30K :
EPA-~$10K
TAT-$10K

VI. 0SC ACTION

Because the conditions at the Trowbridge Estates Mercury
Site meet the NCP Section 300.65 for an immediate removal, I have
approved this immediate removal action. The estimated total
project cost is less than $50,000,

Garrett Aral,oscC
USEPA Region III
Philadelphia, PA




DRAFT

SITE/SAFETY PROTUCOL

[ROs 00 sviATEy N ,/
B L Caunty, LA

be followed by any and

25 L
{a th CLA ramoval nctivlcy at
g

™is PFOCJuO. addragsas the 5nfe:y pescadu

a.l parsonnel v.alt ng the gite or LnvoLve

Trswnedye bk hoag Ak ALL pacsonnel encerin
sal e"v alan. The pro:ocol will remaln {n eff
the ac:Lvi-v erninaced. It does not supe
bu” {s in addition ta tham.

sqol and a razgulation, the mor

4
hall read and sign this
he CSC carciflas chas
2daral OSHA or State or

nt of a aanflien

noon-size activitiag shall
prove that they are

weacing alr-purifying

while those wearing
s or airs-~line apparatus, must
All idspAAuJurx Pledtolaan

end of eaeh workday.

and goveramental persannel Livel
rasplratory protection pr*g'a
I wWadr a respt*ator.

v~site ar quu

1oral
rm oon the acti
arehand.

I

@
X

hava eithar §
assigned to pe
d

a
2
1 be rehearsa £

er
be
All contractor and goveramental personnel who aca exposed to hazardous lavels
nall prove that they are encalled in a medlcal monitoring

AR100030

of chemicals
program.




Site Safery Protoral
f..,ulr’li'.)t)\.' 9_3““",‘. fth‘.';,-."-) X

tv Rules and Zauloment

ra will be no eatlng,

rink
stda of the Contaminatian Redu

ing or smoking 4n the Exclusion Area or hot
ctian Araa.

sonnal must pass thesugh the Contamdnation Raduciion Area to enter
lusion Area.

AR @nergancy eye wash will be on the hot side of the Cencaminacion
Raduction Acaa.

on tha
in tha fxelusian Araa shall

2athing alce shall be carcified as Crade D or haccer
2068 2

taasical, all tools/aquipmant «will ba spark proof, explosion
ant and/or boaded and groundad,

Fire exsinguishars will ba on=site for equizmunt or personnel flras onlv,

A first-ald kie will be on-sgene at all times d
svaan inhalator respirazar «will ba availadla,
1t

uiimgLlad Wil N2 pouled,

facy meacing will be conducted each day for all site parsonnel who
tsandance sheet, The safety procedures, evacuation procedures,
procedures, as well as tha day's pl'aned operations, should be

AR10003




5{ce Safety Protocol

a “) l';.HI'\ {\-"C et s

[P vl

Page 2

CONTROL AT THE SITE
53 00 the site will be rase
alled duriny the Lmmedlasge
shall be through the gate
~threataning eme 32087,

s~ m 3 0
*nsy UL 4>
o omoaon

rew a2~ 5o

i o
2= ye
ey

5
iXoey

o
'

UNATION ©

..’ '.

sletad by a sic2 security offlcer and banner guis
removal phase ac this size and ex{s from the

<
{n the Contamination Reduction Area except in a

nail sizn in and ont at the 0SC command pos

3w e~
© C

Qo

n
:
N
ml
g
i

o
o
e

Tha Centaminasisn Redugtion

uzign Acaa which
nnel and equinment
a which {s not

-

ally {nalude

Araa (C34)

the Tt .)).), Lo Ny
{mmediately cut

mt
el

Ac2a and Conta

"
n

nazion of

will be
1ineasad by

tha Centaaing
tha Zxalusion

wa-
fgelpe

1::L:n A 21,

ar'¢ Araas

AMD LEVELS OF

PROTECTION

shall enter an
Reduatzon Area

ALl pers sonnel
Contamination

Emergancy escape routas from
reviaued as appropriate at

1
H

d exit the Exelus

tha nx!lgj}gkaégﬂa will be established and

each mocrning safaty meating.

on Araa through the




DRAFT

St:e Safc:y Prococol

lr Lo.’d 1 n"’\\

M \ [

Giawlq

Page 4

SAT
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DRCONTAMINATION PROTOCOL
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EFFACTT OF HEAT STRESS (eoncinued)

= Haat Exhaustion: Causad by increased stress or various organs to meet
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Heat Stroka: The most sevaere form of heat sire Body must be cooled
inmediacely to pravent savere fnjury and/or dea Sligns and symptoms ar2!
Rad, hot, dry skin; no parsplration; nausaa; di 55 and confusion;
sarong, taphd pulsa, coma.

Any parsonnel chac faels
not be kn o
L]

own to the medlca
1

{mmadlately,




DRAFT
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Photo gy Jot Dixen
Members of the EPA'S crew take soll samples at she house,

in back yard
is removed

By Carole Fleck
Courier Ttmes Staff Writer

An Upper Southampton town
house sat abandoned Wednesday
as uniformed workers feam the
federal Environmental Protection
Ageney sifted through soil in the
hack yard and removed a sinail
quantity of nereury.

EPA spokesman Harold Yates
sald a team of warkers removed
four “patches' of soll containing
tiny heads of the tuxle substance,
Yates lkened the quantity of mer.
oury to & pereent of the back yard,

The homeowners contacted the
county Health Department and
the state Department of Environe
mental Resources onJune 1 after
notleing what they suspected to be
mercury un thelp lawn, .

Gregory and Kica Zhivalyqk

(Cuntinued on Page 1)
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THURSDAY, JUNE 25, 1907

Crew member Pat Donegan

Mercury is
in home’s

(Contlnued from Page 1)

and their family moved out of the
home at 0! Grantham Court, in
the quiet, tree-lined Trowbridee
town house development, shoetly
afterward, Yates said, They are
staying with relatives until they
feel satisfied that the mereury has
heen remuved.

Garrett Arai, an onesite cooedi.
nator fur the EPA, sald a technical
assistanee team wearing white
jumpsuits, orange bhoots, gloves
and masks removed mercury
from isolated areas, They filled
three drums with soll, which will
he seat to Alabama for testing,
and visually surveyed the sur-
rounding propertivs for mercury,
He sald none was found,

Aral sald the DER contacted
the EPA to assess the coptaminat.
ed property. He said the technieal
assistance leam sueveyed the site
last Wednesday and determined
there was oo danger because no
mercury vapors were found in the
hause, .

rve never heard of o mereury
problem in o outaitde anybody's
hose,” Arai said, " This is a first
for me."

o=
et T A
fhato Ry 408 Riaen

cheeks out some of the soil,

discovered

back yard

fumes must be ingested or inhaled
hefare they pose o hyalth risk, He
sadd the masimum contaminant
level of mereury allowed in drink.
Ing water is 0.002 milligfams per
liter, equal to 0,003 pounds of mer.
cuey per 1 million pounds of water,

He sald muepreury affeets the
nervous system and ultimately
can eause loss af vision and hear.
iy, intellectual deterloeation and
brain damie,

Yates said the DER removed a
large quantty of mereury from
the back vard on June 13, but did
not say how much,

Yates sald he was haffled as to
how the mercury got into the back
yard of the Zhivalyuks, who
moved inte the corner town house
in January.

Yates sidd he contacted the
previous owners and immediate
neighbors but conld not determine
the souree of the mereury,

The Zhivalyuks, after potieing
damaned vepvtation on the lawn,
put down sad and tuef in the back
vard. But the mereury, which
Yates suspects was present in the
soul, worked its wiy back o the
surface’ despite its heavy motal
denaity.

Vates said the EPA will invesy.
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Ta:  ERD/OERR  (EPASSLL)
Tas  T.MABSEY (ERPAFAT4)
From: T.MASSEY (EPA9374) Delivered: Wed 24-Jure~87 6:50 EDT Sys 163 (1
Subject: MERCURY SITE
Mail Tdi  IPM-163-~870624~081640630

POLREP #1

Trewbridoe Estates Mercury Site
Sauthhamptor, Fugks County. PA
Rttn: T, Massey and T. Flelds

Lo Bitwatien (000 hours, 6/23/87)

A, EPA on site this date to investipate reperts fram  PADER
and TAT gencerring meroury cantanination on A residential
pranerty in Trowbridoe Estates, Bucks County, PA. D8SC Arai, TAT
and  FADER en site to review areas sampledielemental  meroury
visible on orourd surface in close proximity to . residential
livirg guarters and children's play area. 08SC activates &GOK
emergency  furding this date for emergency removal site
geeurity, and sampling, based on site assessnent and PADER/CHC
reeomnmendat ion. Properties affected belong to the Znivalvuk
family ard open graund owned by the Trowhridoe Estates Homgowners
Asaae,

B, Persarmel on Scenes

EPA~1

TAT-&

PADER~1 .
Haner Scouthhampten Palice Dept. -4
Uoper Southhamoten Fire Dept. -1
Twne Personnel &

Property awrers

Ce Weather: Hot, Humid, high 80's

IT. Actiens Taken

2 EPA Reglan IT1 was netified on 6716787 at 1399 haws by
PARER Central Office of what appeared to be elemertal neroury  on
the Zhivalyuk praperty.  The Zhivalyuks had wotiified the State
Health Deot. of this during the week of Jure 11, 1987, The EPRA
Teehniwal  Pssistance  Team (TAT) performed a site  drspecticon
E/37/087 with PADER ard found elemental  mereury  in relatively
larpe  quantities throughout the ground surface of the Zhivalyuk
pronerty, 080 Arai and TAT arrived on site for  further
ingpectlion  &/83/787 at 1130 howrs, immediately after receiving
eummunication  fron RADER whieh eonfirning and supperting  the
rped for energency reponse acticns by the Apency.

Ete 08€ ratified the follawing EPA peraser;el  via  phore
raparding  developnents and  fubure plang at  this sife: 3
Let us,  Enforcement Seection Chiefy Charlie Klesmar, r)emm' 0005 ,
Sat-aam  Lhief; Hermit Rader, hegal Lournseli;fnn Cardinal,  OPA
vepresentative; Joyee MeCurdy, GRC.

(e DSEC netified the following PRAS and PRP  representatives
rRoArIUN Gike developuentsr Praorety cwners Grepory  antd Kira
Prrvadvib gt L LAG Mg s Praneety developer Binliatti  Consl,  at




DRAFT

217 hrs.( net avails) 3 Former property owner Scott  Cantor  at
1218 hrs,  (not avail.); Homeowrevrs PAssoc. at 1850 hrs. No RRP
agauned cleanup respansibility at this time.

D.  RADER Mike Penrella on aite 11850 hours. Informed DSC and
TAT that PADER chemist verified the presence of nercury in site
samples after viswal abservation, PADER rep. on site until 15355
haurs, .

E« Praperc; owners  (Zhivalyuwks) on site 2315 hrs. (080
explained aituwaticen arg- future plans for remaval. Property
owners agreed to remaval eperaticms bepginning 0800 hours 6&/784/87
without their oresence.

Fa 0B6  aectivates ERCHS at 1430 hours fo provide silte
sacurity persannel this date and arrange for erew on site at 0800
haurs 6724787,

. 50 montacts Uoper Southhiampton Police Department at
approd. 1440 hours apprising them of planred site activitieu.
Palice and Fire Dept. rees on site within  minutes of
notifimaticon: offered Two. eqguipment and oerarnel to erent
b riers, snow fence, and barmerguard arcund the Zhivalyuk yvard
t prevent uwrautharized entrys  Security measures completed by
1600 hours, ALl Twpe persconnel off site by 1700 houwrs.

M, Homneewners meeting held 1830 hours near site. R&C
explainied  PRP status and future site antivities.

I. 08C and TAT cantinue ta investipnate possihle averwes of
rantamination of this property with mercury. Rrelininary visual
review of nrnelohboring areas reveals this te be an isolated
ineddent. Pravious ownera of this and adjacent proparties sinee
building  eanstruction were identified and contacted if possible
this date: na elues to soill obtained.

Ja Q&G infarmed that mercury vapor analyvser reconpended by
TAT for use in on gite monitoring durdng renaval activities s
not  availahle wntil 6/85/87 due to callbration at cowpany of
erigirn. CRG MeCurdy and  Bray cordone use of Level € with
partridges speclfic for corbaninant mercury at this site.

Ko  O8C and TAT off site R000 hours.

111, Future Plans

Ae  Remaval activities to begin C)(MZ)A"W"WOSO/EWBL

~'"H. TAT to finalize 504 Funding decunentaticr 6/84/787.

(w8 PADER ard EPA Public Affaira (Hal Yates) to he on 'site
/R0 /BT,




D. ERCS arvanging for analytical, transpert, and disposal of
axravated materials.

E. TAT tn prepare and inplement seil sampling plan for  O-G"
wores and surface grabs on and areund the property 6/&4/87.

F. 0SC awaiting PADER and praperty ewner lab results due in
rear futura. .

”
Barrett Arai, An-Seene Casrdinateor

HUEERA Repion I1I
Philadelohia, PA
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T ERD/0ERR (EPAGSLL)
Ta:  Ta MASEEY (EPARRAT4)
T MAREEY (EPADI7A) Delivered: Wed &4-~June~87 {0136 EDT 8yve 163
TROWBRINBE MERCURY HITE POLRER #2
Mada Ids  IPM~162-870624~188440073

TROWBRIDBE E8TATES MERCURY BITE
FEASTERVILLE, BUCKS COUNNTY, PA
CERCLA REMOVAL ARTIVITY

ATTN: TOM MABSEY AND TIM FIELDS
POLRER #&
I. SITUATION: (1800 MRS, 6/24/87)

A, PERSONNEL ON BCENE: EPA-2, TAT~4, PADER-E, LOCAL-1&,
TAT~4, ERCS-4.

F.  WEATHER: BUNNY, TEMPS, IN THE WUPPER 80N S,

C. EBTIMATED COSTS TO DATE:
AGENLCY CURRENT CEILING
ERA RO 5K
TAT &, 100 10K
ERCH 3y 000 a0 K
HEY 15% 95 9K
TATALS $6, B9 $ 80 K

MERCURY VISIBLE JUBT RENEATH 80D LAYER (APPROX. 3 IM.)
T0D A DEPTH OF & INCHES.

FOUR DRUMS OF FRXCAVATED S0IL REMOVED THIS DATE  AND
STRAGED LN BITE UNTIL DISFOSAL ARRANGEMENTS CAN LE MADE.

DR, PETE LEDERMAN (WERTON ZAMD) ON SCENE TO ASEIST TAT
WITH HITE ACTIVITIES.

BUCKS COUNTY COURIER TIMES PHOTOGRAPMER AND RERDRTER ON
HLENE SPEAKING WITH 08C,

ACTIONS TAKEN

A. ERCE (GUARDIAN) EXRAVATED  FOUR  DRUME  OF MERCURY
CONTAMINATED  SOIL  BY  HAND, EXCAVATED AREAS  WERE
DETERMINED BY VIBUALE INSRECTION RY 056 ANMD TAT,

TAT COLLECTED SIXTEEN (16) S0IL SAMPLE THIE DATE.
SAMPLES WERE PICKED UR BY LAK (HASTEX) AND ARE TO B
ANALYZED  FOR TOTAL MERCURY. LAR INDICATED TWAT  THEY
COULD PROVIDE A FOUR (4) HOUR TURNARQUND.

HC  CONTRCTED ENA OMA AND E!ﬁF@f‘(’Q(&gﬁHITH URPDATE  OF




bjI'lE STATUS,. DRAFT

EPA/ORA  (HAL YATER) ON SCENE  AND  CONTARTED/ULPRATED
RESINENTS OF BITURTION.

Ex  PADER (MIKE PINORELLA AND BGEDRBE DANYLLA) ON BCENE TO
ASEIST WITH 8ITE ACTIVITIES.

ACTIONS TAKEN (CONT.)
F» ATTOLRNEY FOR TROWERIDAE ASHSOCIATION BRIEFED BY 08C.

G, DISPOSAL ARRAMBEMENTS FIMALIZER BY ERCH. WABITE
ACCEPTED RY GHEM WASTE MGMT. EMELLE, ALA. 08B0
DIRECTED ERCS 10 ARRANGE FOR OTHER TRANEPORTATION
AFTER RECICETIVING EXTREMELY HIGH TRANSPARTATION RATES
FROM AMO FOR A _MILK RUN.

NS0 GONTACTED BIGLIOTTI TO GET INFORMATION ABOUT  THE
FILL DIRT WUSED FOR THE DEVELOPMENT WHICH 18 BELIEVED 10
EE THE SOURCE FOR THE MERCURY.

FUTWRE PLANS

Ay AWAITING  ANAYTICAL  REGULTS FROM LAR.  DUE  QAOD MRS
G/RT/8T,

DECISIONS TO EE MADE AFTER RECEIVING ANAYTICAL:
1« RROCEED WITH EXCAVATION
& DETERMINATION OF HOW CLEAN T8 CLEAN
3. NECESSITY FOR REBAMPLING
4. RERLACE HAD AND CLOSE QUT SITE

Ga ®ITE BECURITY TO BE ON SCENE THIS EVENMING.

D. DRUMB TO BE TRANSPORTED TO CWM. EMELLE, ALA.

N80 GARRETT ARAL
Wa 8. EPA REGION IXIX
PHILADELRHIA, PA

To:  ERD/ZOERR (EPATLI L)
kr.'Tm: T MASHEY (EPARET4)
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Tws  ERD/OERR {ERASGLL)
Tt TJ/MASSEY (ERARZTH)

Frgms: T NRG9EY  (BPABI7H) "Delivered: Fri  E6~June-87  7:07 EDT Gyn 16

l Subeont s maroury sibe
May  lds  TPM=163~B706RE~071EB0780

PLLREP#3

Troawhridge Estaten Mercury SHite
Bouthhampton Twaey, Bucls Lo., PA
ATTN:T. Mamsey and T. Fields

1o Sitwation (6/85/87 2000 hours)

;8 Exeavation weontinves basrd on visual ehservatiorns  and
bab  reasults chtadned  this date on sanples taken QOB GB/&6/787.
Lah resulbs  indigate moreury centaminabion  limited te sedeet
areas  on the Zhivalyuls aroperty; mercury has been found  during
expavation af  8-10" below ground suface this date, Bamnl oy
taker  after excavabion &/25/87 sent to lab for auwiek turmaround.
Gite veouriby being maintained.

I Persannel on site:

EPA~1
TAT~3
ERGE~2
Seourity=1

e Weather- hot, hunic low 20'g

Ie ARTIONG TAKEN

o 08C, TAT and ERCS an site thie date ( approo. 1030
hrs) to continge excavation after lab results obbtained verbally
Ak 1130 howrs dndagate oontanination remains in hot sosba. Mepcury
eanaentration  redaining  in areas excavated G/&4/87 rarge  Froa
B ha &40 mp/Rp in hobt seets. with  obbher arcan  below  DSES
packground seil qane. @f 08 gpo Mo,  Excavabion continued wntil
O, houwrs this date, with close visual insneetion of shovel led
by ERCE and TAT tetTore difocsal in overpacks. Dua to  the

farlirg  of partbworns in the exeavated areas, the DHE  belisves
that  merauy aoilled an the ground surface may have reached  the
play  shrata via their pashways as ooposed to being  brought  in
with the subsurface fill.

. 080 retified neighberhood residents in the area of site
aebivitiea, Residents of 707 Branthawm, invediately adjyacent to
the site, were inforned of the removal  and pave permassion for
TAT  ta enter the property amd visuwally inspect their vard for
meraury eantaninal iorn.

on A tutal of 8 H8-gal. oveerpacks filled on sitee Seven
mentain  exeavated seil, ane eontainsg protective elething  and
i FLse,

Y8 TAT are ERGs  eonduwcted close search of  Zhivalyuk
praperty  on havds and knees loeoking for elansntal  mereury. [N
addi b derald conbaninated  arean  found. Seareh  tao want fnue
¢ hrawghaut dmmediate nedghborhood G/&87/87, AR , 00

056

b

3

(77}
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fyn Ak mandtering  thia  date by TAT with meraury  vapoe
arcdyser  ravealnd no readlings above low range TRV in exeavated
CIMEHAL G

. ERELS  Fesponse Mgr.  deliversd sansles of gleaned arsas
taku, by THAT this date to labh for guick turnarcund,.

ITl,  FUTWRE PLANG

e N80 awaiting lab results  frem cleaned  areas, Gk
vertially by 1100 hewrs B/87/87. Bite antivities to reswme  this
date  with either backfilling and rescddivg  the prcoerty iF
gamples are clean, ar pontinued excavabion L f sannles are hob.
Clean samnles will indicate abatenent of the imnediate threat fo
public health pveﬁented by this site.

.

Fa NS5 awaiting lab results from PARER, due &/8U/87, and
fhivalyuks, due date unbncowrn.

Ce Q80 te priaritize comeletion of QS0 report ane
relinuuish all information o Herey Dawe, EFA Enforceansnt asap.

D. Site restoration e pontinued removal  te eonbinoe
G/ET/BT.

Ravretit Arai, 05C
EPR-Renien 11T
Phva caddeluhvia, PA
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POLREP#4

Trowbridge Estates Mercury Site
Southhampton Twp., Bucks Co., PA
ATTN: T. Maasey and T. Fields

I. Situation (Fri., 6/26/87 2000 hrs.)

A. Verbal results received this date indicate mercury
contanination remains in excavated areas up to 400 ppm in depths
of up to eight inches. 0SC, ERCS and TAT return to site to
continue removal, based on ATSDR recommendation to excavate to
12" , cover,and revegetate. Additional excavatlon performed this
date., PADER recommended sampling re-excavated areas to assure
mercury removal, although this sampling not required by ATSDR.OSC
accomodated PADER suggestion and cleaned areas resampled., Ten
drums of waste removed from site to Chem Waste in Emelle, AL for
disposal. Samples hand delivered to local lab for quick
turnaround,

B. Personnel on site:

EPA-~1
TAT-3
ERCS~2, not inc. drivev
C. Weather: Raining, mid-80's

II. ACTIONS TAKEN

A. 08SC recelved verbal results on 6/26 samples at approx.
1100 hours. Mercury contamination remained in isolated areas up
to 400 ppm. 0SC contacted ATSDR ( Atlanta) for advice and
guidance on continued actions at approx. 1140 hours. ATSDR
recommended excavation to 12" and covering with clean £ill and
sod,

B. As per 0SC instructlon, TAT on scene at 1320 hours to
visually inspect neighboring properties for signs of mercury
contamination and take soll cores from Zhivalyuk yard for visual
inspection, No signs of mercury evident among the ten
residential properties reviewed this date and 6/25/87, or in
Zhivalyuk cores ( 5 cores, 12-15" deep).

C., PADER rep., George Daniliew, Norristown Office, on site
approx. 1500 hours. Expressed concern with future use of the
property which may require excavation below the 12" level, e.g.
gardening., 0SC agreed to resample areas cleaned this date before
backfilling. Four composite samples taken and sent to local lab
for quick turnaround at approx. 2000 hours.

D. Transporter for drums ( S&J Trucking) on scene 1535 hrs,
Ten drums D009 waste transported to Emelle, AL for disposal at
1950 hours,

E. 0SC, TAT, ERCs off site 2000 hours.

III. FUTURE PLANS

A. 0sSC awalting lab results from resampling today; verbals
expected by 1100 hours 6/27/87.

B. Completion of site activities expected Sat. 6/27/87.

Garrett Aral, o0sC
EPA Reglon I1I AR100058
Philadelphia, PA
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POLREP #5

Trowbridge Estates Mercury Site
Southhampton Twp., Bucks Co., PA
ATIN: T. Massey and T. Flelds

I. Situation ( 1700 hours, Sat., 6/27/87)

A. ERCS, TAT on site this date to backfill and resod
excavated areas as per 0SC instruction. Verbal results received
this morning reveal only one composite sample had over 1.0ppm
mercury (highest concentration was 48 ppm).From this data and
visual inspections it appears that this CERCLA removal is
complete., Property owners contacted today by 0SC and informed of
conpletion.

B. Personnel on scene:

TAT~1
ERCS =3
C. Weather~ Raining through 6/27 noon
D, Estimated Costs to date:
EPA-$1k
ERCS~$30K
TAT-$2k
II, Actions Taken
A. ERCS Resp. Mgr. contacted TATM Donegan at 1045 hrs. with
lab results. Samples indicated areas cleaned substantially with
excavation of 6/25, TAT contacted 0SC Arai with report; 0SC
instructs site crew to backfill and resod to complete removal
activities.

B, [ERCS, TAT on site by 1230 hours to backfill and resod
excavated areas. Rains overnight had filled excavations to
ground surface, which required bailing. All areas refilled and
sodded; security fencing removed and Twp. Police contacted as per
their earlier request to pick up Twp. materials.

C, TAT informed resident of 700 Trowbridge Ave, that sample
obtained from his property was not contaminated with mercury.

D. ERCS, TAT off site 1540 hours., 0SC notified of removal
completion,

IITI. FUTURE PLANS
A. No further emergency response actions foreseen for this
site. The immediate threat to pubilc health and the environment
has been mitigated by the removal of the mercury both above and
below the ground surface in the areas found to be contaminated.
B. 0SC report to be prioritized; completion of draft
expected within one week,

Garrett Aral, 0SC
USEPA Region III
Philadelphia, PA
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Flguto 17-5,  Dosc-response relationships foretlects of lead on heme intermediates, The ordinate
reprasents peresnt respondents for the various eflects,

Efects:

FEP = Concentration of erythrocytic porphyrin concentration, expressed as s/l packed cells,
ALAD = Aminolevulinic acld dehydrase agtivity in bloud, expressed as %, inhibion,

ALAU = Concentration of aminelevulinic acid in urine, expresscd as mgjl,

(From Ziclhuis, R, L.: Dose.response relationships for inorganic lead, I, droh, Qccup, Health,

351118, 19-35, 1975)

dose is measured must correspond to the time
at which the effect occurs. Alternatively, the dose

* not change ducing the lng period between
¢ drrence of clfect and actual mensurement of
effect, These conditions are rather difficult to
satlsfv. As a macter of fact, It can only be done
satlsfactorily with regard 10 lead effects on heme
synthesls, A good example of how dose and
clfect shange together was provided in a pro-
speative study of newly hired lead workers, As
PR rose, ALAD activity fell more or Jess cons
currently (Fig, 17-4), As would be expeeted, the
response of the workers vacied both us ta the PhB
in the work environment and as to the magnitude
of ALAD inhibition. The interindividua) vari»
ability in response s expressed in the form of
dose-responsc curves, For lead effects on heme
synthesis, estimates can be made of the percent
respondents, This Is Musteated for the major
afeets of lead on heme synthesis that have been
uader diseussion (Fig, 17-5), The claboration of
dose-response curves is wseful only if the partious
gar effeat (e.g,, FEP > 80) has some healch signis

cance,

Trearment of Lead Poisoning

103 extremely difficult to evaluate the benefits
of therapeutle regimens far the treatment of lead
poisoning, or ather metaltic polsons for that
matter, To begin with, the incidence of frank
poisoning and the corresponding amount of
clinical experience fs low compated to many other
discases, e.g, hypertension or the common

headache, Further, the wide spectrum of manie
festations of illness among cases makes it ex-
tremely difficult to compare responses to varlous
regimens, In adults and children both, the major
specific therapeutic abjective Is remaval of lead
from the body using cheluting agents. In adults
the most widely accepted provedure is intra
venous infusion of the calelum salt of disodium
ethylencdinmin tetraacetate (CAEDTA), 11028
per duy, for 4 to 5 consecutive days, The lead
chelate formed by exchange of Cu for Pb js
excreted promptly In the urine, Curlously, the
mujor source of lead mobilized in this manner is
the bones (Hammend, 1971),

The treatment of lead polsoning in children
also entalls a course of CaEDTA therapy, cither
alone or In combination with dimercaptopropans
ol (BAL), Combined therapy has been found tobe
moare effective than therapy with clther drug
along (Chisolm, 1970),

MERCURY
Intraduction

It Is “'the hottest, the coldest, a true healer, a
wicked murderer, a precious medicine, and a
deadly poison, a frlend that can fiatter and lie."
[Waodail, 1,1 The Surgeon's Mare or Milliary &
Damestle Surgery, Lendon, 1639, p, 256)*

There has always been an aura of magie surs
rounding megcury. Even the name, shared by a

* Quated rmé Hxl‘wﬂ@&lﬁa
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Roman god and a distant planct, and the lustrous
liquid appearance of this metal suggest magic,
Before the time of Christ and even to this day,
magle propertles have been ascribed to mereury,
It accupied a central role among alchemists in
the transmutation of basc metals into gald, It
was carried about as amulets to ward off discase
and other evils, At varfous times down through
the centuries it hus been used to treat almost every
ailment known to man, Even to this day [t Is used
to a limited extent for therapeutic purposes, Is
toxic propertics, howevel, were not unapprecls
ated, 1t hus Jong been widely condemned us belng
a deug with no reasonable margin of salety, even
al & time when it was being wied widely, notably
for the treatment of syphills, Even the character-
Istles of accupationa! Intoxications were dee
seribed in the Middle Apes.

Man is apparently a poor student of history,
Mercury poisoning still occurs to some extent in
certaln occupations, principally from inhulation
of mercury vapor, There also have occurred ¢pis
sodes of environmental contamination with
organic forms of mercury, principally methyl
mercury, The most widely known such episods
oceurred In Minamata Bay, Japan, from 1953
into the carly 19603, This was followed by a
simitar episode in Nilgata, Japan. In both cases
the cause was consumption by the local inhabis
tants of fish that were contaminated with
mereury from industelul waste, In all, 1,200 cases
of polsoning were reported, Even more extensive
eplsodes have resulied from contamination of
bread made from cercal grains treated with
wlkyl-mercury fungicides, The largest of these
cplsodes accurred in Iraq, 19711972, It involved
some 6,000 cases and 500 deaths,

At the time that utbreaks of methyl mereury
paisoning in Japan were under actlve investigas
tlon, Swedish scientists found high concentras
tions of methyl mercury in freshwater fish, The
sources of mercury were mainly chloralkall
plants, deafnnge of fields in which cereal grain
seedds had been treated with mereury, and wood
pulp pluants, Methylation of mercury oceurred
due to the agtion of aquutic organisms, leading to
transfer and bioconcentcation up the food chaln
ta the Jarge carnivorous fish, For more details
concerning the cnvironmental significance and
toxicology of mereury, shere are two good recent
reviews (Clarkson, 1972; WHO, 1976),

Metabolism

The chemical farm of mereury hag o profound
influencs on its disposition, For all practical
purposes there are three gencral forms of
mereury,

1 Elemental mercln !r;“ his form Is of
considerable importa olr@ (glﬁﬁrc;\usc

It has a high vapor pressure, A saturated atmog.
phere at 24° C contains approsimately 18 mgy
M? Of equal significance 15 the fact that the
vapor exists ina monaatomic state, It Is therelorg -
distributed primarily to the alvealar bed upop
{nhalatlon, Finally, metallic mercury hus limited
but toxicologicatly significant solubility in warer
(20 pg/t) und organfe solvents (AT mgl in
pentanc).

2, Inorgunie Mercury~Hg'* and Hg**, of
these two oxldation states, Hg?* Is the more
reactive, readily forming complexes with organic
lignnds, notably sulfhydryl groups, In contrast 19
HgCly, which is both highly soluble in water and
highly toxle, HgClis highly insoluble and corre.
spandingly lesy 1oxic,

3, Orgunie Mercucy, These compounds are
of diverse chemicn! structure, As the term is used
fiere, organic mercury refers to all compounds in
which mercury forms o bond with one carbon
atom, For all peactleal purposes, the group is
limited to methyl and ¢thyl mercury, pheayl
mercury, and the family of alkexyalkyl mercury
diurctics,

CHyHg*; CullyHg " ColfsHy* s RCH,CORCH, Hg®

These organic cations form sults with inorganic
and arganic aclds, e.g., chlorides and acetates,
They also react readily with blologieally ime
portant ligands, notbly sulfbydeyl groups.
Finally, they pass readily across biologic meme
branes since they ure lipld soluble, The major
difference among these various organomercury
catlons iy that the stability of the carbone
mercury bonds i vivo vacies considerably, Thus,
the alkyl mercury compounds are considerably
more feglstant 1o biodegradation than ejther
phenyl mercury or the alkoxyalkyl mersury
compauncds,

Absorption

For clemental mercury the most important
route of nbsorption fs the respiratary (ract, A3
would be expected Irom the monosatomic nutuee
and lipid solubility of mereury vaper, pur‘ccnl
deposition andd retention ure quite high, of the
arder of 0 pereent In man, Although condirmits
tory dati e not availubly, monoulkyl mereurials
(¢.8,, methyl mereury) probubly also are de
posited and retained 1o a high degres, sinee they B
have high vapor . pressures and high Upid
solubllity,

Elemental meroury Is very poorly absorbed

fram the gustralntestinal teact, probably less than  «+=]

0,01 percent, This may be besause, unlike inthe
fungs, mereury is not in n monoatomic state buty
rather, occurs as large globular particles. In-
organie mereury in food is absorbed te the extenl
of about 7 percent, and orgunic mercury com- .
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long period following a single o
irjeation, deta Pharmacel, Toxicol,, ! 0
212733, 1968,)

peunds are very efficlently absorbed, owing to
their lipid solubility, For example, the absorp-
tion of methyl mereury, even mixed with food, s
3" 1t 95 percent in adults,

5 with all metals, the degree of skin absorp-
tian in man Is not known with any precision,
Systemic absorption of alkyl mercucials probs
ably is substantial, People have been poisoned as
# result of dermul npplication of methyl merewry
aintments, Some absorption of clemental mers
cury and even of inorganic salts of mercury
accurs, Thus, in experimental animals, 5 percent
of an aqueous solution of mercuric chluride was
ubsorbed through the skin of guinen pigs within
live hours (Skog and Wabilberg, 1964),

Distribution amd Metabolism

The distribution of mercury varies consider-
ably, depending on the chemical form and, t0 a
tusser extent, on the route of administeation,
Elemental mercury I3 rapidly oxidized to Hg?*
amd organic mercury compounds are also 1o
varying desrees metabolized to yleld Hg?*, As far
as tissue aflinity Is concerned, the most oute
standing single characteristic of mercury s its
affinity for the kidney, This is true both for
Hg?* and for 1hs organic mercury cation R-Hg*.

The disposition of Inhaled clemental meceury
vapar is of speciul interest because of the imports
ance of Intoxleation by this route, It haslong been
known that Hg® lsrapidly oxidized in the erythran
sytes 1o Hg?*, even in viiro, Yet, while chronie
mereury pelsoning due to intake of Hg* is
sssentially a renal problem, chronle mercury
wnlng due to inhalation of Hg? Is a disease of

20 40 60 800 20 40 60 80
Days

the centzal nervous system, This appatent paras
dox Is explaiied by the fact that transfer of the
{ipidssoluble Ha? from the blood to the brain is
sufficlently rapid to result in a toxicologically
significant differential distribution to that organ
(Magos, 1967), The subsequent oxidation of Hg®
in the brain serves to trap It there, A similac

- selective distribution oceurs in the fetus, The

oxldative process Is enzyme medinied, with the
catalase complex being the most likely site of
oxidation,

The disposition of organic mercury com-
pounds is, In general, quite unlike that of Hgd*,
This Is purticulurly true of the short-chain alkyl
mercury compounds, notably methyl mercury.
Figure 17-6 compares the fate of single equal sub-
cutancous doses of Hg as Hg?* and as methyl
Hg. Although both forms of mercury distribute
preferentinlly to the kidney, the concentration in
the beain and blood Is substantially higher in the
case of methyl mereury, Toxie manifestations of
inorganic merenry wre senal whereas those for
methyl mercury poisoning are neurologie,

The disposition of pheny! mercuryis essentinlly
the same as for inorganic mercury. Thisls because
the earbonsmercury bond is rapldly cleaved in
vivo, ylelding benzene and Hg?*, The benzenc Is
subsequently oxidized to phenol, conjugated, and
excreted, Alkyl and alkoxyalkyl mereury com»
pounds also ure subject to some carbonsmercury
bond cleavags, but the mechanism whereby this
occurs s poerly understood (Gage, 1975), In
gencral, cleavage accurs much more stowly than

boiy WHLLS LA o s v
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alkoryatkyl mereucials used as diuretics, clear-
ance s much faster than for Hg?*, In other eascs,
as with methyl meroury, clearance is considerably
slower than for Hg?*,

Mercury moves readlly across the placenta
Inta fewal tissue, Rogardless of the chemical
form administered, fetal tissues attaln congen-
trations of mercury at least cqual to those of the
mother, In fact, in the case of cxposute to Hg
vapor and to methyl mercury, fetal concentrae
tions exceed those of the mother to varying
degrees, depending on the specics, duration, and
absolute level of maternal exposure, Fetal Intoxi»
cation by way of the mother has besn docus
mented in cases of methyl mercury polsoning,

In the carlier sectlon of this chapier desling
with lead, evidence was prescnicd for the cxiste
ence of a metalesequestering mechanism, stimue
lated by the metal itsell, Evidence for such a
mechanism also exists for mercury. Metallothios
ncln, a low-molcculac-welght proteln rich in
sulfhydryl groups, was originally Isolated from
horse kidney, It has a high atfinity for zinc,
cadmium, and mercury, Administration of any
one of these metals stimulates the synthesis of
metallothioneln, The renal concentration of
metallothionein Js Incrensed as much as sixfold
by administration of inorganic mereury, It may
serve a protective role for the kidney by sequesters
ing mercury, since the minimal concentration of
mereury In kidaey associated with taxle etfcets is
considerably greater with chronic administration
than with acute administration, The role of
metallothioncin in toxicology Is discussed further
in the section on cadmium.

As with lead, the concentration of mereury in
the blood has been used asa biologic Indicator of
exposure, The distribution between blood cells
and plasma Is dependent on the chemical form,
Thus, with methyl mercury exposure the con-
centratlon atlo, whale bload/plasma, is appraxis
mately 20, while with exposure to merenry
vapor the rutio s only slightly above unity
(Lundgren ¢talh, 1967), Measurement of mercury
in blood has teen extremely useful in assessing
safe steadysstate levels of methyl mercury
exposure in man,

The Kineties uf methyl mereury disposition are
falrly steaighiforward and simple, Elimination
rates a8 determined {n human volunteers receiv-
Ing single radiouctive tracer doses indicate that
the cleurance of the dose from the body is ade
equately deseribed by a single exponential elimis
nation constant, The clearance halfstime from
these studiey wus found to be abouc 70 days, This
rate of cnmlq‘glﬂon seems (o hlgldI over a range of
input rates, Thus, the rate PIRCATHOCE O,
mercury from the blood ottt tlngrﬁ Glé
consumed moderate or farge amounts of lish or
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bread contaminated with methyl mercury far
long perlods of time was quite conistent with the
clearance halfstime for the amount administered
a3 a tracer dose to volunteers, For other forms of
mercury the biologic halllife Is not so well
describied, Limlted data suggest, however, that
the biologle halfJife of inorganic mercury is only
about 40 days In man, as contrasted to 70 days
for methyl mereury,

Excretian

The relutive contribution of wrine and feces
to the total climination of mercury Is, as with
other features of mercury metabolism, quit
vaciuble depending on the particular form of
mercury in the bady, Upon prolonged inhalae
Hon of mercury, urinary cxcretion somewhat
exceeds fecul cxerction. The same probably
applies to mercury admindstered as Hgd*, The
tnte of urinary excretion for any one individual
fluctuates conskierably from day to day even
under steadysstate exposure conditions but hus
been found inIndustry to be roughly proportional
1o the level of air exposure, The mechanism of
renal excretion of mercury is complex, The welght
of evidence suggests that glomerular flication
contributes linle to the renul excretion of any
form of mercury, The mechanisms whereby she
tubules release mereury into the lumen of the
nephron are not well understood, At nephros
toxic dases of lnorganic mereury, hawever,  subs
suﬁuial exerction oceury by exfollation of rensl
cells,

In contrast to the excretion of inorganic mers
cury, methyl mercury is excreted mainly in the
feces, Twa separste processes are involved!
biliary exeretion of methyl mercury nnd excres
ton by exfolintlon of Intestinal epithelial cclls
move mercury into the intestinal lumen, Intestine
al ceabsorption of the mercury, hawever, subs
stantiully cancels the billary contribution to net
excretion, A polyihiol resin has been developed
that shartecireuits this enterohepatic recirculae
tion. When the resin is given orally It traps the
meraury excreted into e bile und carries a
substaatial fraction ol it out into the feces (Clagks
son «f al,y 1973), This procedure has been dems
onstrated to aceeleraie mercury exeretion in
human cases of poisoning (Bukle ¢t al, 1973),

Blologle Effvcts

Ad inthe cuse of lead, mercury has toxic effects
involving numerous organs and systems, Some
have been clearly shown to oceur in man wndes
eurrent and recent eireumstances of exposure,
Others elther are of historic Intersst or are
phenomena that hitve been demonstrated only
in animal models, Tle relevance of these to the
human condition Is In many cages wncertain
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Regardless of all that, our present perceptions
suggest that, lerespective of the chemical form of
mercury, the major target organs ace the central
nervous system and the kidney, As will be seen,
there is no sound basls for concluding that thisis
because the taxie actions of the various chemical
forms can be attributed to a single common
metabolite, ¢.g,, HR**\

Central Nervouy System,  The most consistent
and pronounced cffects of exposure to both
clemental mercury vapor and toshart.chain alkyl
mercury compounds are on the central nervous
system, There are similacitics but there also are
distinet ditferences, The cfects of mercury vapor
exposure are sirikingly neuropsychintcic in nature
whereas those resulling from methyl mercury
exposure are lacgely of a sensorimotor nature,
Certain effects ace similac in both types of ex»
posure, however, nolably wremor. In mercury
YAROr éxposure the tremor progresses in severity
with duration of exposure, Initially it involves
only the hands but later may spread to other parts
of the bady, Tremors ace triggered by voluntary
use of the affected muscles (Intentional tremor),
Neuropsychiutrle signs also accur at relatively
low levels of exposute, notably excessive shyness,
insomnia, and emotional instability with dee
preesive moods and Irritabillty most frequently
td ted, This ncuropsychintele complex is
known as *erethism,” '

Tremor also oceurs In methyl mercu
Intoxicatlon, but ather etfects not seen in mercury
vapor exposure occur more consistently and at
lower exposure levels, Theseuresensory in nature,
Theearliestsignsare parcsthesias und constriction
of the visual ficld, At somewhat higher levels of
exposure other sensory etfeets aceur, such us logs
of hearing, of vestibular function,and ofthesenses
of smell and taste, These effects are not known to
oceur in ¢lemental mereury intoxieation, Numeta
ous other neurologle cffects oceur In methyl
mereury intoxication, These are motor efTects
such as incoordination, paralysis, and abnermal
reflexes, [t is not ¢learly known whether mator
neurons are uniquely involved, Some of these
motor cifects, .8, Incoordination, could result
from deleets in sensory fnput,

Neuropsychiatrie etfects, which are so prombs
nent In elemental mercury exposure, are also
reporied to ocenr In methy) mereury polsoning,
but not so consistently, Further, the effects seem
somewhit ditferent from those ebserved in
elemental mereury polsoning, Ths, shyness and
jreitability ar¢ not observed In methyl mercury
poisoning but ire very prominent in elemental
mercury poisoning, On the ather hand, spone
tancous fits of laughing and erying and Intelleg.
wial deterioration oceur only In methy) mereury

The pathogenctic mechanism of ncurotoxicity
has been {nvestigated intensively in recent yeary,
particulatly concerning methyl mercury, The
various appronches used retlect the diversity of
toxic phenomena exhibited, Thus, the problem
has been viewed from the ncurounatomic stand.
point as well as from the biochemical, nouros
physiologic, and pharmacologle standpoints,
Chung (1977) has reviewed thess studies and has
proposed a tentative pathogenctic mechunism,
which applies primurily to methy! meroury bes
cause relatively few of the studies have dealt with
Inorganic mereury o have direatly compared
ctleats of the inorganic and alkyl forms,

Both inorgante and ulkyl mercury discupt the
Integrity of the blood-brain burrler 43 manifested
by extravasution of plasma protein into adjacent
cerebral tissue, Since the blood-bruin barrier acts
1o regulaie the uptake of amino aclds and other
metabolites, it is possible thut brain metabolism
is affected at this point of interface with the
cireulation, The uetions of mercury are probubly
not limited to the blood-brain burricr, however,
Both forms of mercury are widely distributed
clsewhere In the central nervous system, but there
are quantitative differences, For example, while
bath forms of mercury localize to a high degres
in dorsal root ganglion ncurons and nerve fibers,
Inorganic mercury has a lesser degree of localizas
tion in neurons of the calearine cortex than docs
methyl mereury, Degencrative changes are wides
spread in both forms of poisoning, although the
nature of the changes difers in certain respects, In
general, sensory neurons have been found to be
more severely affected than motor newrons. Glial
elements actually proliferace in areus of neuronal
damage, perhaps to provide metabolle and ateuce
tural support to the injured nevrons, Damage I
not limited to the cell bodies, Nerve fibers also are
allected, Degeneeation of both the axoplasm and
the myelin sheath is common,

Biochemical explanmtions for the various
degenerative changes abound, Enzymes alongthe
glycolytic piuthway and protein synthesis are
inhibited, Inhibitlon of protein synthesis precades
both chunges in anaerobic and aerobic glycolysis
s well ag neurologic eneets, This “ silent period "
of several days between inhibition of protein syne
thesis and nenrologle elects is seen even with
singls doses of mercury, It Is not eentain whether
the Inhibition i3 due to reduced amino acld up-
take across the bloodsbrain bacrier or whether
the Inhibition occurs by some other means,

Yarlous ngurophysiologic parameters also are
altered by mercury, Spike potentinls of sensory
ganglione neurons of unimals recelving methyl
mereury are prolonged, indleating retardation of
repolucization, It has also been found 1hat mer

cury blocns Rﬂrw;daﬁl gcu7romuscular trangs
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mission, The latter finding Is of particular intcrest
since a similar effect occurs in some cases of
methyl mereury intoxication in man,

It is not possible at this time to say whether alt
the vacled effects that have been noted experi»
mentally accur as a result of independent actions
of mercury orasstagesinachain of related events,
Unitacian  hypotheses are always attcactive.
Thers Is none at present that adequalely accounts
for all the diverse neurologic phenomena that
fiave been observed clinically and experfmentally
in mercury intoxication,

Kidney, By far the highest concentration
of mercury oceurs In the Kidney, regardless of
the chemical form absorbed. Yet, for all that,
the kldney is the primary target organ only In the
case of Inorganic mercury (Hg?*). At least this ls
50 with respect to toxlc cifeets, It is trug that the
kidney also is the primary target organ for nons
toxic effects in the special case of the alkoxyalkyl
mercury compounds used therapeutically as
diuretics, It I3 also true that certain morphologle
and functional effccts are scen with sublethal
doses of methy!l mercury, but these are of une
certain significance in compacison to ctfects on
the nervous system,

Massive oral doses of Inorganic mercury, such
a3 may be taken with sulcldal intent, Inltiate a
train of events beginning with anuria, progressing
to palyuria, and finally to n recovery of normal
renul function, The phase of anuria s the most
life«theentening and may last for many days, The
pathogenstic mechanism is not well understood,
Expecimental evidence from animal studies
suggests that several factors are involved, These
are ubular obstruction, Increased back diffuslon
of tubulac flirate, and preglomerular vasos
constriction,

The phase of polyuria Is characterized by de-
creased rennl concentruting capacity. It probably
results mainly from a substantial Inhibition of
proximaul tubular sodium reabsorption, In severe
poisoning, disturbanges in tubular function may
;lmrsls(forscvcrulmomhs after poisoning (Valek,

965),

Acute Inorganic mercury polsoning, as des
scribed above, 3 relatively rare, The more usual
form of mercury nephrotoxicity oweurs with
chranie industrial exposure and is churacterized
by proteinuria, If severe, the nepheotic syndrome
I observed, whercin the loss of plasma proteln Is
sufficiently great to cause hypoproteinemin with
edema of dependent purts, <.g, the unkle,
Sucprisingly, very little is known about the nature
of the proteins that are excreted in cases of
Inorganic mercury polsoning, In onerecent sulelde
attempt the protelnucln was mixed, Exeretlon of
both albumin and Iow-mﬁ«" rewelght proteins
tase eoncurrently, sugg (R; bl 16:8!:"'

and tubular damage, Exposure to Inorganic
mereury at levels sufficlent to cause proteinucia
does not result in increused amino acid excretion,
It appears, therclore, that the renal tubulas trans.
port system for reabsorption of samine acids is
less sensitive than the transport system for
ubsorption of low=moleculuc-weight proteins,

Information concerning the cifects of methyl
mercury on renal function in man is nonexistent,
except for statements to the etfect that even in the
presence of neurologie ctfects the Kidney is
seldom afected, This is consistent with experle
mental studies in rats in which subchronic ¢xe
posure to methyl mercury caused moderate
proteinurin only ata level of mercury administras
tion thut actually Killed » substantisl number of
the animals,

Other Effects,  Although the nervous system
and.the kidney are the usual mojor targets for
eilects of mereury, a varicty of other toxic phe.
nomena oceur, Some of these are well-known
accompaniments of clinlcal polsoning, Others
are cifeets seen [n experimental animals that may
peove In the future to have significance for man,

In the case of mercury vapor inhulation, the
newropsychintric problem resulting from chronic
exposurs lsaccompunied by stomatitis, gingivitls,
und sometimes excessive salivation and a metallic
taste, These tend te accur malnly in people whose
oral hyglene is poor, A pecullar discoloration of
the anterlor surfuce of the lens in the eye also is
frequent (" mercucinlentis'), When people are
exposed to very high concenteations of mereury
vapar, pneumonitls oecurs as a result of direct
frrftatfon of the fung, In the case of polsoning
with inorganic mercury salts by mouth, severe
Inflammation of the mouth, esophagus, stomach,
and small Intestine occurs. Following this initial
contact inflammation, a secondury Inflammatory
cffect may occur wherein absorbed meroury
loealizes in the intestinal mucosa, The colon Is
peculincly sensitlve 10 this secondacy inflame
matory action, There also Is a disease of infants
known us acrodynin or " pink disease in which
inorganic mereury seems to play a ol It s
churacterized by neuropsyehinteie disturbances,
peripheral vaseular effeets, disturbances of
sensation of the extremities, stomatitis, and other
vague, nonspecific signs, The disease Is not
unlquely wssocivied with execessive mereury exe
posure, nor does It oveur regularly among chil-
dren exposed to mercury. See Bldstrup (1964) for
adetailed diseussion of the role of mereury In this
disease,

DosesBffect and DosesRespanse Relusionships

It may be reealled that, with lead, it fs possible
to estimate both dose-clleet and dose-response
relatlonships In man, The eritieal system, the
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hematopoictic aysiem, Is peculincly amenable to
quantitative cstimates of eftcct, Thus, the activity
of the enzyme ALAD in blood and the concentra-
\ion of hems Intermediates in blood and urine ate
readily quantifiable and exhible clear relations
ships to the [nternat dose of lead, as reflected in
the concenteation of lead {n the blood, The situs
atlon with mercury Is rot ocacly so simple, To
begin with, the critical effects both In the case of
polsoning with elemental mercury and with alkyl
mereury compeunds are neurologic, Such phee
nomena s tremor, shynsss, irrhability in the case
of elemental mercury and paresthesias and con-
striction of the visual field in the case of methyl
mercury are not readily measured in quantitative
terms, It s therefore not possible to construct
dose-cffect curves, So fuc as inorganic saits of
mercury are concerned, the kidaey Is the critical
organ, It s true that renal function Is amenable to
quantitative description, but even heve therelsa
problem, The renal effect that scems to be the
most senstive ndex of mercury toxicity Is
clevated excretion of protein In the wrine, an
eifect that hus not been studied adequatcly to
allow for definition of cither dose-cffect or dose-
respanse relationships, For these reasons, it is
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Figure 177, Doseuesponss relationships for
methyl mercuty, The upper scale of estimated
body burden of mercury way bused on the
authors’ dctual extimats of intake, The lower
scale Is bused on the bady burden, which was
caleulnted based on the concentration of mercury
in the blood and ivs relationship to intake derived
from radioisotopic studies of methyl mercury
Kinetles in human veluntesrs, (From Bakir, F.,
et af.¢ Mathylmercury polsoning in Iraz, An
interuniversity repost, Sclence, 18112304,
1973, Copyright 1973 by the American Assosla-
tion for the Advancement of Selence.)
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necessary o forcgo any thought of estimating
dose-¢(Tect relationships for any form of mercury
in man, As a matter of fact, cven dose-zesponse
velationships can only be estimated for elomental
mercury and methyl mercury exposures,
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Flgure 17-8, Dose-tesponse relationship for
methyl mercury, using concentration of mercury
In the bluad as dose and paresihesia as response,
(WHO, 1976, From Bukir, F., er al.r Methyls
mercury polsoning in Iraz, An interuniversity
repurt, Schence, 18123041, 1973, Cogyright
1973 by the Amerlean Assoclatlon for the
Advancement of Seience,)

In the case of clemental mercury vapor ex-
posure the measurement of dose that seems (o
correlute best wlth response Is the acsupl concens
tratlon of mercury breathed by the subjects, as
contrasted to the concentration of mercury in the
blood or urine of the cxposed subjects, As the
time-weighted average (TWA) air concentration
rises above 100 ug Hg/M9, the frequency of
occurtencs of clossic signs of erethism among
workers Increnses (Smith er ad,, 1970), On this -
basls It has been recommended that the TWA
Hamlt for warkers should be 50 ug Hg/M? Inorder
to provide some margin of safety,

In the case of methyl mereury exposure, dosee
response relationships have been euleuluted from
the duta obtained in the recent [argessenle oute
break of poisoning In Iraq, described by Bakie
et al, (1973) Again, as with lemental meroury
exposure, the critical sieets mensured are those
aflecting the central nervous system, A hisrarchy
of respanse {5 seon with reference to sensitivity of
the centrul nervaus system, The etfect oceurring
al thelowest level of exposure Is paresthesia (Flg,
17:7), Poth the ¢stimated body burden of mercury
(Fig, 17-7) and the concentration of mercury in
the blood (Fig, 17-8) ace adequate expressions of
dose, at lenst under conditons of long-term
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Treaiment of Mercury Polsoning

As was pointed out in the discussion of
the 1reatment of Jead poisoning, data concerning
the relative efficacy of various approaches to the
treatment of metallic poisoning In general are
grossly inadequate, The treatment of mercury
polsoning Is no #xception, Studles of therapeutlc
regimens conducted on man generally are limited
to clinfcal teparts on one or, at most, a fow
individunl cases with one or another selected
drug. The reader, and the {nvestigator himself for
that matter, are always left to ponder questions
concerning what would have happened had the
patjents not been treated at all, or concerning
whit would have happened I some alternate
drug or regimen had been used, Even when a
substantial number of cases is available to a
singleinvestigntor, ethical considerationsseverely
limit the options, Untreated controls cannot be
ineluded In the study if the condition Is even
moderately severe, Rellunce on data from experi-
mental animals Is equally unsatisfactary for
various reasens, The experimental design may
not correspond to the usual human exposure
situation or the animal model selected may not
behave like man,

Chelating ngents are relied upon, as in the case
of lead poisoning, to remove mereury from the
body. For many years the only chelating agent
known to promate the excretion of mercury was
dimercaptopropanol (BAL), It has been shown
repeatedly that it cnhnnces the excretion of
mercury administered experimentally to animaly
In the inorganic form, It has also been shown to
be beneficln) in the sreatment of Inorganic
mereury poisoning in man, enhancing the
exerction of mercury and effecting substantial
Improvements in the patients' clinical status, Its
cfficaey has been attributed to the presence of
thiol growups on adjacent curbon atams, with the
presumed purticipation of both In the binding of
divalent mereury as a stable, readily exereted
chelate ring,

Dimercaptopropanal, however, had two draws
bueks, It was inellective when glven otally and &t
was InelTective as an antidote against alkyl mers
cury compounds, The next major advance wag
the discovery that the amino acid penlcillamine
was an effective chelator for mercury, even when
administered orally, Its nctivity as a chelating
agent s autefbutable to ring formation in which
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More recently, the Neacety! derivative Neacetyle

n,Lepenicillamine (NAP) has been discovered 19 435

be even more etfective and less toxie than o,
penicillamine, The toxleity of p,kpenicillaming

CH,
Cll=&—g-~coo
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N

Is urtributable to the Leisomer, which Inhibles a
number of pyridoxine-dependent reactions,
probubly by reacting with pyridoxal-S-phosphate
to form a thinzolidine, By contrass, the L-lsomer
of NAP is relatively nontoxie, The LD50 of pte
NAP Is conslderably greater shan for ptspenicle
lumine or even than for p-penicillamine,

The concept of ring formation, with the attend-
ant stability of the metal complex, suggests that
campounds of the type R-Hg*, such as methy!
mercury, would not form metal chelates with
BAL or NAP, Surprisingly, NAP enhances the
excretion of methyl mereury to a very substantial
degree, It may be speeulnted that shis efeat is due
only to interaction with Hg?* formed by in eivo
dealkylatlon of methyl mercury. This {s unlikely,
since NAP also removes methyl mereury bound
to serum albumin in vitro (Anscth, 1976), An
alternate possibility s that NAP first causes a
cleavage of the carbonmmercury bond and
subsequently rencts with Hg?*. It has been
demonstrated that sulfhydey! reagents such as
glutathlone enhnnce the cleavage of the carbone
mercury bond of phenyl mercury in vitro in the
presence of yglobulin (Gage, 1975). It is not
inconesivable, therefore, that NAP might facilis
tate a similar cleaving action on the carbons
mercury bond of methyl mereury,

In spite of some impressive animal data con-
cerning the ellicacy of the penicillamines as
mereury chelatars, their clinical efficacy {n the
treatment of methyl mereury poisoning is not
Impressive (Bakir ¢r al,, 1976), To u large extent
at least, this is because the neurologic effects o
methy! mereury result from frreversible dumaﬁc
to neurons, Even from the more limited puint
of view of metalmobilizing eificacy, the results
have been equivocal, In some cases there hias been
essentindly no suggestion of metal mobilization,
at least Insofar s decrease in blood mercury
levels is concerned, '

CADMIUM

Intraduetion '

Cadmlum ranks close to lead and mereury 4
a metal of eurrent toxicologle conesen, ft 5 &
refative neweomer, having been [dentified as 3

* distinet element anly In 1817, It aceurs in patwre




